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NOMENCLATURE 


AD 

ALPHA 

B 

BD 

BETA 

CBAR 

CLL 

CLL-A 

CLL- AD 

CLL-B 

CLL-BD 

CLL-PBD 


Rate  of  change  of  angle  at  attack,  rad/sec 
Model  angle  of  attack,  deg 
Wing  span,  1 .65  ft 

Rate  of  change  of  angle  of  sideslip,  rad/sec 
Sideslip  angle  in  the  stability  axis  system,  deg 
Wing  mean  aerodynamic  chord,  0.62233  ft 
M^/ (Q*S  *B) 

3CLL/3ALPHA,  rad-1 

3CLL/ 3 (Q • CBAR/ 2V)  +  3CLL/3(AD*CBAR/2V) ,  rad-1 

[3CLL/3BETA]  cos  ALPHA  for  yaw  test  phase  (measured 
by  can  balance)  or 

[3CLL/3BETA]  sin  ALPHA  for  roll  test  phase,  rad  1 
3CLL/3(RB/2V)-[3CLL/3(BD*B/2V)]  cos  ALPHA,  rad-1 

3CLL/3(P*B/2V)  +  [3CLL/3(BD«B/2V)]  sin  ALPHA,  rad"1 


CLM 

CLM-A 

CLM- AD 

CLM-B 

CLM-BD 

CLN 

CLN-A 

CLN-AD 

CLN-B 


M  /Q* S’ CBAR 
m 

3CLM/3ALPHA,  measured  by  can  balance,  rad  ^ 

3CLM/3(Q*CBAR/2V)  +  3CLM/3(AD*CBAR/2V) ,  measured 
by  can  balance,  rad  ^ 

[3CLM/3BETA]  cos  ALPHA,  rad-1 

3CLM/3(R*B/2V)  -  [3CLM/3(BD«B/2V)]  cos  ALPHA, rad 
Mn/Q*S*B 

3CLN/3ALPHA,  rad-1 

3CLN/3(Q*CBAR/2V)  +  3CLN/3(AD*CBAR/2V) ,  rad-1 
[3CLN/3BETA]  cos  ALPHA,  measured  by  can  balance, 
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CLN-BD 

CLN-PBD 

CN 

CN-A 

CN-AD 

CY 

CY-B 

CY-BD 

CYPBD 

CONFIG 

E 

F.S. 

fn 

fy 

M 

M* 

M 

m 

M 

n 

MAC 

M0F 


3CLN/3(R*B/2V)  -  [3CLN/3(BD*B/2V)J  cos  ALPHA, 
measured  by  can  balance,  rad  1 

3CLN/3(P*B/2V)  +  [3CLN/3(BD*B/2V)]  sin  ALPHA,  rad 

VQ,S 

3CN/3ALPHA,  rad-1 

3CN/3 (Q*CBAR/2V)  +  3CN/3(AD*CBAR/2V) ,  rad-1 

fy/q-s 

[3CY/3BETA]  cos  ALPHA 

3CY/3(R*B/2V)  -  [3CY/3(BD*B/2V)]  cos  ALPHA,  rad-1 
3CY/3(P*B/2V)  +  t9CY/3(BD*B/2V]  sin  ALPHA,  rad"1 
Model  configuration 

Amplitude  of  excitation  voltage,  volts 
Fuselage  Station,  inches 
Normal  force,  lb 

Side  force,  lb 

Free-streara  Mach  number 
Rolling  moment,  ft-lb 

Pitching  moment,  ft-lb 

.  Yawing  moment,  ft-lb 

Model  mean  aerodynamic  chord,  0.62233  ft 

Balance  restoring  spring  constant,  in- lb/deg 

Center  of  pressure  location,  in  the  normal  plane, 
expressed  in  terms  of  the  model  reference  length 
from  the  model  moment  reference  point 


NCP 


OMEGA 


Wind-on  angular  frequency,  rad/sec 

Free-stream  static  pressure,  psfa  or 
rolling  velocity,  rad/sec 


POC 

POS 

PT 

P/Y  CLM 
P/Y  CLM-A 

P/Y  CLM-AD 

P/Y  CLN 
P/Y  CLN-B 

P/Y  CLN-BD 

Q 

R 

RE 

RFP 

S 

TP 

TT 


Program  option  code,  Pitch  =  1 

Yaw  =  5 

Roll  =  8 

Model  oscillation  amplitude,  deg 

Tunnel  stilling  chamber  pressure,  psfa 
M^/Q^S^CBAR,  measured  by  pitch/yaw  balance 

8CLM/3ALPHA,  measured  by  pitch/yaw  balance, 
rad  ^  < 

3CLM/3(Q*CBAR/2V)  +  3CLM/3(AD*CBAR/2V) ,  measured 
by  pitch/yaw  balance,  rad 

M^/Q'S^B,  measured  by  pitch/yaw  balance 

[3CLN/3BETA]  cos  ALPHA,  measured  by  pitch/yaw 
balance,  rad  ^ 

3CLN/3(R*B/2V)  -  [3CLN/3(BD*B/2V)]  cos  ALPHA, 
measured  by  pitch/yaw  balance,  rad  * 

Free-stream  dynamic  pressure,  psfa  or 
pitching  velocity,  rad/sec 

Yawing  velocity,  rad/sec 

Free-stream  Reynolds  number,  ft  * 

Reduced  frequency  parameter  ( OMEGA *CBAR/2V) 
for  pitch  phase,  (0MEGA*B/2V)  for  yaw  and 
roll  phases 

2 

Reference  model  wing  area,  0.907  ft 
Data  point  number 

Tunnel  stilling  chamber  temperature,  degrees  F  or  R 
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W.L. 


YCP 


Water  line,  inches 

Free  stream  velocity,  ft/sec 

Center  of  pressure  location,  in  the  side  plane, 
in  terms  of  the  model  reference  length  from  the 
model  moment  reference  point 

Roll  angle  of  balance-sting  assembly;  4>g  =  90  deg 
for  yaw  oscillation  of  balance 


0 


Total  deflection  of  cross-flexure,  deg 


Static  deflection  of  cross-flexure,  deg 
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1.0  INTRODUCTION 


The  work  reported  herein  was  sponsored  by  the  Arnold  Engineering 
Development  Center  (Al'.DC) ,  Air  Force  Systems  Command  (AFSC),  Arnold 
Air  Force  Station,  Tennessee,  under  Program  Element  65807F,  and  Control 
Number  9T02.  The  results  were  obtained  by  Calspan  Field  Services,  Inc./ 
AEDC  Division,  operating  contractor  for  the  Aerospace  Flight  Dynamics 
testing  effort  at  the  AEDC,  AFSC,  Arnold  Air  Force  Station,  Tennessee. 
The  tests  were  conducted  in  the  Propulsion  Wind  Tunnel  Facility  (PWT) 
Aerodynamic  Wind  Tunnel  (4T)  under  AEDC  Project  Number  CQ05-PB, 
December  8  through  December  13,  1980.  This  test  was  a  subtask  of  the 
4T  Facility  Improvement  Program.  The  project  sponsor  was  Major  R.  L. 
Bruce,  DOFA ,  AEDC. 

This  test  was  part  of  a  continuing  effort  to  design,  fabricate, 
and  verify  the  performance  of  forced  oscillation  dynamic  balance 
systems  capable  of  measuring  direct,  cross,  and  cross-coupling  deri¬ 
vatives  at  high  angles  of  attack.  The  1,500-lb  (normal  force)  Pitch/Yaw 
and  Roll  balance  systems  were  utilized.  The  objectives  of  the  test 
were  to: 

(1)  verify  the  controllability  of  the  oscillating  model  over 
the  operating  range  of  the  tunnel, 

(2)  verify  the  quantitative  measurements  of  the  balance  systems 
by  comparing  to  previous  data,  and 

(3)  further  investigate  the  capabilities  and  problems  associated 
with  measuring  cross  and  cross-coupling  derivatives. 

Forced  oscillation  data  about  the  pitch,  yaw,  and  roll  axis  were 
obtained  on  the  Standard  Dynamics  Model  (SDM)  at  angles  of  attack  of 
-4  to  24  deg  at  Mach  numbers  0.3  to  1.3.  The  unit  Reynolds  number 
ranged  from  1.0  x  10^  to  2.5  x  10  .  The  reduced  frequency  parameter 
varied  from  0.012  to  0.04  for  pitch  oscillation,  from  0.017  to  0.058 
for  yaw  oscillation,  and  from  0.034  to  0.13  for  roll  oscillation.  The 
nominal  frequencies  were  7.35  Hz,  3.65  Hz,  and  8,5  Hz  for  pitch,  yaw, 
and  roll,  respectively.  The  model  was  oscillated  at  amplitudes  of 
0.5,  1.0,  and  1.5  deg. 

A  microfilm  copy  of  the  final  data  has  been  retained  in  the  PWT  at 
AEDC.  Inquiries  to. obtain  copies  of  the  test  data  should  be  addressed 
to  AEDC/DOS,  Arnold  Air  Force  Station,  Tennessee  37389. 

2.0  APPARATUS 


2.1  TEST  FACILITY 

The  Aerodynamic  Wind  Tunnel  (4T)  is  a  closed-loop,  continuous  flow, 
variable-density  tunnel  in  which  the  Mach  number  can  be  varied  from  0.1 
to  1.3  and  can  be  set  at  discrete  Mach  numbers  of  1.6  and  2.0  by  placing 
nozzle  inserts  over  the  permanent  sonic  nozzle.  At  all  Mach  numbers,  the 
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stagnation  pressure  can  be  varied  from  400  to  3,400  psfa.  The  test  sec¬ 
tion  is  4-ft  square  and  12.5  ft  long  with  perforated,  variable  porosity 
(0.5-  to  1 0-percent  open)  walls.  It  is  completely  enclosed  in  a  plenum 
chamber  from  which  the  air  can  be  evacuated,  allowing  part  of  the  tunnel 
airflow  to  be  removed  through  the  perforated  walls  of  the  test  section. 
The  model  support  system  consists  of  a  sector  and  boom  attachment  which 
has  a  pitch  angle  capability  of  -5  to  24  deg  with  respect  to  the  tunnel 
centerline.  Guy  rod  stiffeners  were  used  to  strengthen  the  boom  in  the 
yaw  plane.  The  general  arrangement  of  the  test  section  with  the  test 
article  installed  is  shown  in  Fig.  1.  A  more  complete  description  of 
the  tunnel  may  be  found  in  Ref.  1. 

2.2  TEST  ARTICLE 

The  Standard  Dynamics  Model  (SDM)  represents  a  1/18-scale  fighter 
type  aircraft.  Dimensions  of  the  SDM  are  shown  in  Fig.  ~2,  and 
details  are  shown  in  Fig.  3.  The  model  has  a  19.8  in.  wing  span  and 
double-taper  leading  and  trailing  edges  on  the  wing,  stabilators,  and 
vertical  tail.  The  stabilators  may  be  deflected  in  increments  of  ±5 
deg.  For  this  test,  the  stabilator  was  deflected  -5  deg.  All  external 
components,  that  is  wings,  stabilators,  inlet,  ventral  fins,  canopy,  etc. 
may  be  removed  for  buildup  tests  as  desired.  Table  1  lists  the  Con¬ 
figuration  codes  for  the  test  reported  herein.  The  balance  pivot  center, 
model  center,  model  center  of  gravity,  and  model  moment  reference  point 
were  located  at  35  percent  MAC.  The  two  configurations  tested  were 
(see  Table  1) 

-B1C1W1V1T05S1F1I1  -  full  symmetrical  aircraft 

-B1 C1W1 VI T05S0F1 I 1  -  full  aircraft  with  left-hand  (looking 

upstream)  forebody  strake  removed. 

The  heavy  wing  tips  (W2)  were  installed  for  the  roll  phase. 


2.3  TEST  MECHANISM 

The  pitch/yaw  balance  and  its  external  5-component  can  balance  are 
shown  in  Figs.  4  and  5,  respectively.  A  photograph  of  this  arrangement 
is  shown  in  Fig.  6.  For  the  roll  case,  the  cross-derivative  balance  was 
designed  as  an  integral  part  of  the  balance  system  as  shown  in  Fig.  7. 
These  systems  were  designed,  fabricated,  and  bench  checked  under  various 
technology  and  development  programs  at  AEDC. 

The  P/Y  and  roll  balances  use  the  same  principle  of  operation  and 
control.  Each  balance  consists  of  a  cross-flexure  pivot  connected  to  a 
hydraulic  cylinder  through  a  force  measuring  flexure.  The  hydraulic 
cylinder  is  operated  with  a  servo  valve  to  obtain  sinusoidal  oscillation 
motion  at  a  constant  oscillation  amplitude,  up  to  ±2  deg,  and  constant 
frequency  from  2  to  about  10  Hz.  The  cross  flexure  is  instrumented  to 
measure  angular  displacement  and  supports  the  model  loads  (up  to  1,500  lb 
normal  force  and  600  lb  axial  force)  and  provides  the  restoring  moment 
to  cancel  the  inertia  moment  when  the  system  is  operating  at  the  natural 
frequency  of  the  model/balance  assembly.  The  P/Y  balance  has  provisions 
for  changing  the  restoring  moment  by  installing  leaf  springs  on  the 
sides  of  the  balance;  leaf  springs  were  used  for  these  tests.  The 
restoring  moment  was  348  in-lb/deg  for  the  P/Y  balance  and  43  in-lb/dcg 
for  the  roll  balance.  The  P/Y  balance  was  oriented  at  0  deg  with  respect 
to  the  model  for  the  pitch  tests  and  at  90  deg  for  the  yaw  tests. 
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The  can  balance  and  its  load  limits  are  shown  in  Fig.  5.  The 
balance  has  five  components  of  load  measuring  elements:  pitching 

moment  and  normal  force,  yawing  moment  and  side  force,  and  rolling 
moment.  Each  element  is  instrumented  to  resolve  the  static,  in-phase, 
and  out-of-phase  (with  respect  to  the  model  position  vector)  compo¬ 
nent  of  the  load  as  discussed  later.  The  balance  is  capable,  therefore, 
of  measuring  the  same  derivatives  as  the  pitch-yaw  balance,  as  well  as 
the  cross  and  cross-coupling  derivatives. 

2.4  TEST  INSTRUMENTATION 

The  Forced  Oscillation  Balance  Control  and  Readout  System  (FOBCARS) 
is  used  for  setting  the  oscillation  frequency  and  amplitude  and  for  nulling 
the  static  torque.  An  electronic  position  feedback  loop  is  used  to 
maintain  a  constant  oscillation  amplitude  and  frequency  under  aerodynamic 
loads  and  permits  testing  both  dynamically  stable  and  unstable  configura¬ 
tions.  Data  are  normally  obtained  at  the  natural  frequency  of  the  model/ 
flexure  spring-mass  system.  Limit  circuits  are  set  prior  to  the  test  to 
provide  overload  protection  for  the  balance.  These  limit  circuits  auto¬ 
matically  shut  the  system  down  when  they  are  exceeded.  The  torque-nulling 
system  centers  the  hydraulic-driven  piston  so  the  force-measuring  flexure 
(termed  "torque  beam")  is  not  subjected  to  the  model  static  aerodynamic 
moment.  This  allows  the  use  of  a  torque  beam  suitable  to  the  particular 
model  for  increased  sensitivity. 

Each  load  measuring  element  of  each  balance  is  instrumented  with 
three  sets  of  strain  gages.  Two  sets  of  these  strain  gages  are  used  with 
the  system  for  each  dynamic  measurement.  A  two-phase  oscillator  pro¬ 
vides  E  sinwt  (AC)  excitation  to  one  set  of  strain  gages  to  resolve  the 
in-phase  (with  respect  to  a  reference  signal)  component  of  the  dynamic 
signal  while  E  costot  (AC)  excitation  is  used  to  excite  the  second  set  of 
strain  gages  to  resolve  the  out-of-phase  (quadrature)  component  (where  to 
is  the  oscillation  rate  of  the  model) .  The  third  set  of  gages  is  DC 
excited  to  provide  readings  of  static  deflections,  forces,  and  moments. 

A  LSI-11  minicomputer  and  filter-amplifier  chassis  are  used  to  provide 
analog-to-digital  conversion  and  signal  conditioning.  The  gage  signals 
first  pass  through  a  2-Hz  passive  filter,  then  through  a  0.2-Hz  active 
filter.  A  digital  filter  routine  is  performed  in  the  minicomputer. 

The  digital  filter  parameters  can  be  changed  easily  depending  on  the 
noise  of  the  data.  The  32  channels  of  data  are  then  sent  to  the  facility 
computer  for  online  data  reduction. 


3.0  TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

3.1.1  General 

A  summary  of  the  nominal  test  conditions  at  each  Mach  number  is 
listed  below. 


V  ft /sec 


M 

PT,  psf 

TT,  °F 

g,  psf 

P,  psf  RE 

x  10-6 

V  ft /sec 

0.3  • 

2,870 

105 

170 

2,700 

2.5 

350 

0.6 

1 ,480 

68 

290 

1,160 

2.5 

655 

0.6 

585 

63 

115 

460 

1.0 

650 

0.95 

1,160 

70 

410 

650 

2.5 

985 

0.95 

800 

65 

280 

450 

1.7 

980 

1.05 

1,130 

67 

435 

560 

2.5 

1 ,071 

1.05 

890 

63 

341 

445 

2.0 

1  ,065 

1.3 

1,100 

67 

475 

400 

2.5 

1,265 

Definition  of 

the  con 

figuration 

code  is  given 

in  Table  1  . 

The  Tes 

Summary 

is  given  in 

Table 

2. 

3.1.2 

Data  Acquisition 

- 

After  establishing  tunnel  conditions  and  model  attitude,  the  model 
was  unlocked  and  brought  to  a  constant  oscillation  amplitude  by  using 
the  FOBCARS.  The  system  was  allowed  to  stabilize  at  the  system  resonant 
frequency  before  data  were  recorded.  At  each  angle  of  attack,  generally 
3  data  points  were  taken. 

3.2  DATA  REDUCTION 

The  digital  readouts  of  the  data  acquisition  instrumentation  from 
the  FOBCARS  were  input  to  the  facility  computer  for  reducing  the  data  to 
coefficients.  The  direct  damping  coefficients  were  obtained  using  data 
reduction  equations  and  procedures  given  in  Ref.  2.  The  pitch  and  yaw 
damping  results  were  corrected  for  sting  motion,  as  discussed  in  Ref.  3. 
The  cross  and  cross-coupling  data  were  reduced  using  equations  derived 
by  methods  as  discussed  in  Ref.  4. 

3.3  UNCERTAINTY  OF  MEASUREMENTS 

In  general,  instrumentation  calibrations  and  data  uncertainty  esti¬ 
mates  were  made  using  methods  recognized  by  the  National  Bureau  of 
Standards  (NBS)  (Ref.  5).  Measurement  uncertainty  is  a  combination  of 
bias  and  precision  errors  defined  as: 


U  =  ±  (B  +  t95S) 

where  B  is  the  bia£  limit,  S  is  the  sample  standard  deviation,  and  t95 
is  the  95th  percentile  point  for  the  two-tailed  Student's  "t"  distri¬ 
bution,  which  for  degrees  of  freedom  greater  than  30  equals  2. 

Estimates  of  the  measured  data  uncertainties  for  this  test  are 
given  in  Table  3a,  b,  and  c.  The  balance  data  uncertainties  were  determined 
from  in-place  static  and  dynamic  calibrations  through  the  data  recording 
system  and  data  reduction  program.  Static  load  hangings  on  the  balances 
simulate  the  range  of  loads  and  center-of-pressure  locations  anticipated 
during  the  test,  and  measurement  errors  are  based  on  differences  between 
applied  loads  and  corresponding  values  calculated  from  the  balance 
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equations  used  in  the  data  reduction.  Load  hangings  to  verify  the 
.balance  calibrations  are  made  in-place  on  the  assembled  model.  Static 
and  dynamic  calibrations  of  the  dynamic  stability  balance  system  allowed 
.  the .measurement  uncertainty  to  be  that  which  is  due  to  the  amount  of 
nonrepeatability  of  the  calibration  constants.  The  sting  and  parts  of 
the  balance  not  dynamically  calibrated  were  calibrated  by  static  load 
hangings  over  the  range  of  anticipated  loads.  Uncertainties  in  the 
measurements  of  sting  effects  were  included  in  the  error  analysis. 
Structural  damping  values  were  obtained  near  vacuum  conditions  before 
the  tunnel  flow  was  started  to  evaluate  the  still-air  damping  contri¬ 
bution. 

Propagation  of  the  bias  and  precision  errors  of  measured  data 
through  the  calculated  data  was  made  in  accordance  with  Ref.  5,  and  the 
results  are  given  in  Table  3d.  The  uncertainties  are  for  steady-state 
conditions.  Occasionally  vibration  and  noise  of  the  wind  tunr  '  environ¬ 
ment  caused  the  scatter  in  the  data  to  exceed  the  estimated  uncertainty. 


4.0  DATA  PACKAGE  PRESENTATION 


The  Data  Package  includes  tabulated  data,  plotted  data,  and  a  test 
summary.  Tabulated  data  includes  summary  data,  point-by-point  data, 
wind-off  tare  data,  zeros  data,  a  listing  of  constants,  and  miscella- 
nous  data,  such  as  check  loads,  etc.  Plotted  data  includes  all  static, 
direct  dynamic,  cross  and  cross-coupling  data  as  a  function  of  angle 
of  attack,  and  comparison  plots  which  depict  configuration  effects.  A 
sample  of  the  tabulated  and  plotted  data  is  presented  in  Appendix  3. 

The  data  package  is  comprised  of  seven  volumes,  arranged  as  follows: 


Volume  No. 


Run  Nos. 


Description 


1 

2 

3 

4 

5 

6 
7 


22-61 

76-94 

113-124 

22-61 

76-94 

113-124 


Pitch  phase  summary  and  plotted  data 
Yaw  phase  summary  and  plotted  data 
Roll  phase  summary  and  plotted  data 
Pitch  phase  point-by-point  data 
Yaw  phase  point-by-point  data 
Roll  phase  point-by-point  data 
Eeros,  tares,  constants,  miscellanous 


Plots  of  some  of  the  coefficient  data  are  shown  in  Fig.  8.  The 
direct  derivatives,  P/Y  CLM-A,  P/Y  CLM-AD,  P/Y  CLN-B,  P/Y  CLN-BD  and 
P/Y  CLM  compared  favorably  with  previous  SDM  data  (Refs.  6  and  7). 
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a.  installation  Photograph 
Fig.  1.  General  Installation  Arangement 


■Jr 


Installation  Sketch  -  Pitch/Yaw  Balance 
Fig.  1.  Continued 


Airstream  Surface 


WING 

Area 

Span 

MAC 

Aspect  Ratio 
L.E.  Sweep 
Dihedral 
Incidence 
Airfoil. 

L.E.  Angle 
T.E.  Angle 


0.90702  ft2 
1.6500  ft 
0.62233  ft 
3.0 
40  deg 
0 
0 

Double  Wedge  4.5  percent  thickness  at  root. 
15  (half  angle) 

15  (half  angle) 


HORIZONTAL  TAIL 
Area 

Aspect  Ratio 
Taper  Ratio 
L.E.  Sweep 
Dihedral 
Ai rfoil 

L.E.  Angle 
T.E.  Angle 


0.30707  ft2 
3.0 
0.213 
40  deg 
-10  deg 

Double  Wedge  6.4  percent  thickness  at  root. 

14  deg  (half  angle) 

15  deg  (half  angle) 


VERTICAL  TAIL 
Area 

Aspect  Ratio 
Taper  Ratio 
L.E.  Sweep 
Tip 
Root 
Ai  rfoi  1 

L.E.  Angle 
T.E.  Angle 


0.30846  ft2 

1.093 

0.362 

47.5  deg 
15.0  deg 

Double  Wedge  5.6  percent  thickness  at  root. 
15  deg  (half  angle) 

15  deg  (half  angle) 


VENTRAL  FIN  (Each) 
Area 
Span 

Aspect  Ratio 
Taper  Ratio 
L.E.  Sweep 
Dihedral  (cant) 
Airfoil 

At  Root 
At  Tip 


0.0263  ft2 
0.150  ft 
0.86 
0.70 
26.5  deg 

25.2  deg  (outboard) 

Modified  Wedge  3.8  percent  thick  at  root. 
Constant  0.003  r 


FUSELAGE 

Length  2.55208  ft 

Diameter  0.36458  ft 

Center  of  Gravity  1.4*?I25  ft  from  Nose  @  35%  MAC 

1.36667  ft  from  Nose  @15%  MAC 


Pig.  2.  Standard  Dynamics  Model  (SDM)  Dimensions 
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c .  Strake  Details 
Fig.  3.  Continued 


«*/«/*  fJC 


Fig.  3.  Continued 


ertical  Stabilizer  Details1 
Fig.  3.  Continued 


BALANCE  LIMITS 


fc. 


a.  Balance  Details 

Figure  5.  1500  Lb  5-Component  Can  Balance 


Normal-Force  Element 


... 


tch/Yaw  -  Can  Balance  Assembly 


i 


i 

! 


cs/  Q 


-(OSCILLATION  AMPLITUDE) 


A  p/v  aAL^hlCC 

D  CAN)  balance- 


M  -  1-3  KE  --  2.T/./0 
SYMMETRICAL  AIRCRAFT 


O  PREVIOUS  EnWAVUC  -DKTN 


£rcE7) 


.-A 


-2 


G 


— a 


-l  — 
10.0 


- 1_ 


is :o 


20.0 


J3 

A 


-I 

7  r.o 


alpha 


CLW-B 


b  .  Yaw  Phase  Data 
Figure  8.  Continued 


TABLES 


i 


r 


Table  1 


STANDARO  DYNAMICS  MODEL 
CONFIGURATION  DESIGNATIONS 


EXAMPLE 

B1C0W0V0T99 

B1C1W0V0T99 

B1C1W1V0T99 

B1C2W1V1T99 

±B1C1W1Y1TXX 

-B1C1W1V1TXXS1 


CONFIGURATION  DETAIL 

BASIC  FUSELAGE  BODY  (CG  at  35%  MAC) 

•BODY  +  CANOPY 

BODY  +  CANOPY  +  WINGS 

BODY  +  CANOPY  +  WINGS  +  VERTICAL  TAIL 

BODY  +  CANOPY  +  WINGS  +  VERTICAL  TAIL 
+  HORIZONTAL  STABILIZERS 

BODY  +  CANOPY  +  WINGS  +  VERTICAL  TAIL 
+  HORIZONTAL  STABILIZERS  +  STRAKES 


±B1C1W1V1TXXS1F1  BODY  +  CANOPY  +  WINGS  +  VERTICAL  TAIL 

+  HORIZONTAL  STABILIZERS  +  STRAKES 
+  VENTRAL  FINS 


i'BICIWIVlTXXSIFlIl 


BODY  +  CANOPY  t  WINGS  +  VERTICAL  TAIL 
t  HORIZONTAL  STABILIZERS  +  STRAKES 
+  VENTRAL  FINS  +  INLET 


±B1C1W1V1TXXS0F1I1 


BODY  +  CANOPY  +  WINGS  +  VERTICAL  TAIL 
+  HORIZONTAL  STABILIZER  +  VENTRAL  PrNS 
+  INLET  CNO  STRAKES) 


SEE  KEY  CmO 
I 

I 

y _ -  t  xx  s _ r.  f _ -  i _ 

*■  STABILATOR  DEFLECTION  (DELE)  Angle,  deg. 


Stabilizer  angle  direction.  Positive  Trailing  edge  down. 


NON-ZERO  INDICATES  COMPONENT  ON  EXCEPT  FOR 
TAIL  WHERE  99  WILL  SIGNIFY  TAIL  OFF 
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Table  1. -Continued 
Standard  Configuration  Key 


KEY 

MODEL  PART 

1 

B 

BASIC  FUSELAGE  BODY  CG  0  35%  MAC 

2 

B 

BASIC  FUSELAGE  BODY  CG  (?  15%  MAC 

1 

C 

CANOPY' 

1 

W 

WINGS  -  LIGHT  TIPS 

Z 

W 

-  HEAVY  TIPS 

1 

V 

VERTICAL  TAIL 

*XX  deg 

T 

HORIZONTAL  STABILIZERS  -  DEFLECTION 

1 

S 

STRAKES 

1 

F 

VENTRAL  FINS 

1 

I 

INLET 
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TABLE  2 .  Test  Summary 


22 

23 

28 

29 

30 

31 

32 

34 

35 

36 

37 
.38 

39 

40 

41 
45 

*46 

47 

48 

54 

55 

56 

57 
60 
61 

76 

77 

78 

79 

80 

80  .22 

85 

86 
87 

93 

94 

114 

115 

119 

120 

123 

124 


CONFIGURATION  _M_  HP 
-B1C1W 1V1T05S1F II 1  0.3  2.5 


ALPHA  TEST 
RANGE  PHASE 


-B1C1W1V1T05S0F1I1 


-B 1C1W1V1T05S1F1I1 


-B1C1W 1V1T05S0FH 1 


-B1C1W2V1T05S1FH1 


2900  0  .5, 1 .0, 1  .5  .04 
1.5 

1 .0, 1  .5 

i 

iTo 

1160  1.0, 1.5  .014 


-B1C1W2V1T05S0F1I1 


800  T 

1110  1.0 

1160  ! 

1480  T 

1130  0. 5,1.0 

1480  1.0 

58  5 
800 
890 

»  r 

1110  0.5, 1.0 

2700  0.5, 1.0 

1160  1.0 

* 

1110 

1130 

900 

2760 

800 

1100 

f  f 

885 

2730  0  .5, 1  .0, 1 .5 
1500  1.0, 1.5 

800  1.5 

1100  ! 

600  f 

810  f 


0 

10 

0 

10 

20 

0 

0 

17-20 

15 

13 

10 

5 

-4 

-1 

20-24 
-4-20 
6  .5-8 
-4  -24 
-4-24 
-4-13 
0-20 
-4-17 
-4-0 
0-12 
-4-20 
-4-24 
0 

-4-20 

-4-24 

-4-17 

17 

-4-24 

-4-17 

-4-10 

0-20 

-4-15 

0-20 

-4-24 

0-24 

0-24 

0-15 

0-15 


Pitch 


Run  46  is  additional  M  =  0.95  data  and  should  be  included  with 
Runs  32 — >41 
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Thoepaoa,  J.  *.  and  Abernathy,  ft .  B .  at  al.  “Handbook  Uncertainty  In  Gan  Turbine  fteasureeenta AEDC-TR-T3-S  (AD  75S3S6),  February  1973. 


_ STEADY-STATE  ESTIMATED  HEASUREMEMT* _ 

Precision  Index  Bias  Uncertainty 

(S)  (B)  UB  *  t95S) 


Ikbernethy,  R.  B.  St  al.  and  Tbonpson,  J.  V.  "Handbook  Uncertainty  In  Gas  Turbine  Measurements 
AEDC-TR-73-5  (AD  755356),  February  1973. 


TABLE  3.  Continued 
.  Calculated  Parameters 
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^Ibernethy,  R.  B.  et  al.  and  Thompson,  J.  W.  "Handbook  Uncertainty  In  Gaa  Turbine  Measurements. 
AEDC-TR-73-5  (AD  755356),  February  1973. 


_ _ STEADY-STATE  ESTIMATED  MEASUREMENT* _ 

Precision  Index  Bias  Uncertainty 
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APPENDIX  III 

SAMPLE  OF  TABULATED  AND  PLOTTED  DATA 
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WIND  TUNNEL 


Sample  1.  Pitch  Tabulated  Data 


Sample  2  .  Yaw  Tabulated  Data 
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